Crop yield per area is the product of plant density and productivity of an individual plant. 
INTRODUCTION
It is important to understand winter oilseed rape (Brassica napus ssp. oleifera) yield components and their formation, because in Latvia this crop is affected by agro-meteorological conditions like severe winters or ones with frequent thaws, and specific field conditions. These variable conditions affect plant development and yield. Sowing date and rate affect plant development and yield to a large extent (Balodis and Gaile, 2012) , but yield components have not been well documented yet in the conditions of Latvia.
Yield per area is the product of plant density, the number of pods per plant, the number of seeds per pod, and the individual seed weight (Diepenbrock, 2000) . Yield of winter oilseed rape is determined by plant density (plant number per m 2 ), which is affected by sowing rate, field germination, survival during winter and until harvesting, and by plant productivity (branch number per plant, pod number per plant, seed number per pod, and 1000-seed weight). It is very important to understand the yield formation mechanism and factors that impact the winter oilseed rape yield.
Studies in Lithuania indicated that the best seed yield is obtained when plant density at harvest is 41-47 plants per 1 m 2 (Malinauskas, 2005) . Positive correlation between the plant density at harvest and seed yield was observed in our preliminary study (Balodis and Gaile, 2009) . Plant density in relation to the sowing rate particularly affects pod number per plant and seed number per pod (Taylor and Smith, 1992) . Other investigations have shown that the number of pods per area was not significantly affected by plant density. However, the yield structure differs between varieties of oilseed rape (Jenkins and Leitch, 1986) . Several literature sources indicate that the seed number per pod of winter oilseed rape plant is 14 to 21 seeds (Thurling, 1974; Liakas et al., 2005; Malinauskas, 2005) . Zajac et al. (2011) reported that the pod location on the plant affects the seed number per pod. In Poland, studies on winter oilseed rape plant showed that 38% from pods were located on the main stem, and 62% on secondary branches (Wojtovicz et al., 1999) .
There is a lack of research available on the seed number per pod of oilseed rape plant in the conditions of Latvia, excepting a trial in 2006 that described seed number per pod for various oilseed rape varieties (Balodis et al., 2007) .
Flowering and seed formation is mainly affected by meteorological conditions in spring and summer periods. High air temperatures are crucial during oilseed rape reproduction growth stages (GS 61-79, BBCH) that affect plant productivity; the most vulnerable stage for the plant is flowering (Angadi et al., 2000) . Thurling (1974) reported a significant positive correlation between several yield structure elements in absolutely different growing conditions (in Australia). It was demonstrated that the number of pods per plant negatively correlated with the number of pods per unit area (Leach et al., 1999) . Previous investigations showed that environmental conditions strongly influenced such elements as the pod number per area, seed number per pod, single seed weight, and they differed in field trials between year (Luthman and Dixon, 1987) . Our preliminary results (Balodis and Gaile, 2009) showed similar tendencies. For calculation of seed number per plant, formula (1) was used:
where: S -seed number per plant; P -plant productivity, g; M -1000-seed weight, g. For calculation of seed number per pod, formula (2) was used:
Where: a -seed number per pod; S -seed number per plant; A -pod number per plant.
Two-factor analysis of variance was used for statistical testing. Correlation analysis was also used.
Meteorological conditions. During the trial years, meteorological conditions for autumn, winter and summer periods differed considerably. Winters 2007 Winters /2008 Winters and 2008 Winters /2009 had mild temperatures ( Fig. 1 ) and sufficient snow cover; the plant survival of both cultivars was satisfactory. The winter of 2009/2010 was much more severe, resulting in poorest plant survival in the early sown plots, with plant density affected the most (Balodis and Gaile, 2015) and the sowing rate was not the main factor affecting plant density at harvest. The spring of 2010 caused poor plant survival for both varieties due to very moist soil conditions combined with relatively high air temperatures; all plants in several plots perished. Plants for both varieties sown on 10 September also suffered from high mortality, but especially for 'Californium', possibly because of low temperatures during winter in combination with the circumstance that late sown plants were poorly developed and not acclimatised for winter.
May is the month when precipitation and air temperature play the main role for successful plant development, as winter oilseed rape flowers and pods begin to form at that time.
May was the poorest with precipitation in all trial years, but winter oilseed rape used moisture reserves suspended during winter, and growth and development of crop occurred without irregularities. (Fig. 1) , and the maximal air temperature exceeded 28°C for ten days in July, 2010, while precipitation in that month was 131.8 mm (compared to a long-term average of 75.0).
RESULTS
Yield of crop is formed by plant density and productivity of individual plants.
Plant density. The main cause of changes in plant density during winter was meteorological conditions. Wintering (plant density in spring versus plant density in autumn, expressed in %) for 'Excalibur' was higher than for 'Californium'. The worst wintering was noted for late sowings (10 September) for both varieties in all three trial years, and among trial years in winter 2009/2010. Field trial results on changes of plant survival during the growth period of rape were described in details by Balodis and Gaile (2015) .
Pod number per plant. Pod number per plant was significantly (p < 0.05) affected by sowing date and rate (as initial cause of plant density at harvest) for both varieties in 2008 and 2009. Pod number was higher at lower plant densities ( Table 2 ). The year 2010 had atypical severe conditions for winter oilseed rape (see the section "Meteorological conditions" above). In 2010, the plant density was greatly affected by wintering conditions. For example, only one or two plants were collected in each quadrat (0.5 m 2 ) for recording yield components in plots sown on 1 September with sowing rate 120 seeds per m 2 , respectively the pod number per plant reached 1740 to 2985. However, this shows plant ability to compensate yield loss caused by perished plants (Table 2) . to 17 seeds when sown on 10 September in 2008 (Fig. 2. ). In both of these trial years, seed number per pod was lowest when rape was sown on the latest sowing date (10 September) for both varieties (Fig. 2) . However, these differences were not observed in 2010 for both varieties. The seed number per pod for 'Excalibur' was 15 seeds when sown on 1 August and 19 seeds when sown on 10 August, and for 'Californium' 21 seed per pod when sown on 1 August and 22 seeds per pod when sown on 10 and 20 August and on 1 September. . The variety 'Californium' sown on 10 September did not survive in 2010, average plant productivity from four sowing dates showed that 'Californium' gave higher mean plant productivity in g when the above mentioned sowing rates were used (Fig. 3) .
Plant productivity measured as seed number per plant.
The seed number per plant, similar to other components was significantly (p < 0.05) affected by both sowing date and sowing rate (as initial cause of plant density) ( The number of seeds per plant, as plant productivity measured in g, was much higher for all sowing rates in 2010 (Table 3) , when plant density at harvest was decreased mainly by a severe winter and not affected by sowing rate at the same extent like in previous years. Yield component compensation. Our results showed that plant density due to sowing rate affected most yield components. There was a significant positive correlation (p < 0.05) between plant density during harvest and yield for 'Californium'(r = 0.590 > r 0.01 = 0.333, n = 56) and for 'Excalibur'(r = 0.529 > r 0.01 = 0.333, n = 60).
Negative correlations (Fig. 5) and plant productivity in g) indicate a yield compensation mechanism.
Some relationships between several yield components (parameters of an individual plant productivity) were observed. Correlation between branch number per plant and pod number per plant (r = 0.468 > r 0.05 =0.253), seed number per plant (r = 0.476 > r 0.05 = 0.253) and plant productivity (r = 0.478 > r 0.05 = 0.253) were found only for 'Californium'. These relationships showed that plants at lower density produced more branches, resulting in higher individual plant productivity. Negative correlation between 1000-seed weight and primary branch number per plant was found for both varieties (r = /-0.595/ > r 0.05 = 0.253 for 'Californium'; r = /-0.561/ > r 0.05 =0.253 for 'Excalibur'). For 'Californium', we observed that 1000-seed weight was lower when plants had more pods and seeds per plant: negative relationship between pod number per plant and 1000-seed weight (r = /-0.373/ > r 0.05 = 0.253), and seed number per plant and 1000-seed weight (r = /-0.355/ > r 0.05 = 0.253).
Correlations between yield components and seed yield are shown in Figure 6 . Positive correlation was found between plant density at harvest and seed yield, but significant (p < 0.05) correlation between seed yield and all other yield components were negative, also demonstrating a compensation mechanism of two yield components (plant density and parameters of individual plant productivity).
DISCUSSION
Values of winter oilseed rape yield components had not been well documented in Latvia previously. Differences in the oilseed rape yield component "pods per plant" showed plant ability to compensate seed yield in cases when plant density was lower, such as due to decreased sowing rate and poor wintering). Wang et al. (2011) observed that the number of pods per plant depends on the number of developed pods and aborted pods, which vary depending on different pollination conditions. It is obvious in our experiment that the sowing rate, which is the initial cause of plant density at harvest, influenced the pod number per plant ( (2000) who reported that plant density had the greatest effect on yield components of individual plants.
The effect of sowing date influence on yield components was shown by Luthman et al. (1987) , who observed that later sown crops had fewer pods per plant (54 to 101) depending on the experimental year. This agrees with our experiment data. Investigations in different years and locations worldwide showed great variation of pod number per plant depending on specific conditions; e.g. Thurling (1974) reported 60-230 pods per plant in Australia, and Malinauskas (2005) reported 123-203 pods per plant in Lithuania. In several trials, the pod number per plant was above 100 pods when oilseed rape was sown in August (Luthman et. al., 1987; Diepenbrock, 2000) , our previous research in Latvia showed that pod number per plant was significantly affected by rape variety, varying from 92-142 pods per plant depending on variety (Balodis et al., 2007) . Plant density as the main factor affecting pod number per plant was particularly evident in our experiments in 2010 due to very poor plant wintering causing extremely low plant density (pod number per plant was 1332 pods for 'Excalibur' on average from all sowing dates). Other studies (Scaribrick et al. 1982; Sierts et al. 1987) showed that pod number per plant increased with decreasing plant competition. However, other factors can also affect the pod number per plant. Sieling et al. (1997) reported preceding crop effect on the pod number per plant, reaching from over 186 pods per plant at density 60 plants per m 2 after peas-wheat. Additional foliar fertilisation of winter rape also increased the pod number per plant and 1000-seed weight in Lithuanian growing conditions (Liakas et al., 2005) . Effect of growth regulator application differed depending on the experiment: increased number of pods per plant was observed by Leach et al. (1994) , while application of fungicide-growth regulator did not increase significantly the pod number per plant in Latvia (Balodis et al. 2007) . Abiotic stress (high temperatures during flowering) can also affect the number of pods per plant. Angadi et al. (2000) observed more pods per plant, but with less seeds; seed abortion was also more common in such conditions. In our experiment, the seed number per pod was significantly affected by sowing date (e.g., 17-23 seeds per pod for 'Californium' and 16-21 seeds per pod for 'Excalibur', Fig. 2 ) and sowing rate (as an initial cause of plant density) also affected seed number per pod for 'Californium' significantly in both trial years, but for 'Excalibur' only in 2008. Zajac et al. (2011) , who reported mean number of seeds per pod of 19, considered that location of particular component on a plant was also important; more seeds per pod were found in the middle part of plant in comparison with upper and lower parts. Pod distribution within the crop canopy is influenced by plant density -at high density most pods occur on the upper branches (Leach et al., 1999) . Despite the breeding efforts of oilseed rape in last decades, the seed number per pod has changed little; similar numbers of seeds per pod (14 to 21 seeds per pod) were observed in earlier studies (Thurling 1974 ) with later studies (Liakas et al. 2005 , Malinauskas 2005 , Zhang et al. 2012 . However, the seed number per pod can increase up to 27 seeds on the main stem, in relation to pod location on the plant .
Previous investigations in Latvia in 2006
showed that seed number per pod was 19 to 28 depending on the variety (Balodis et al., 2007) . In Poland, Bocianowski et al. (2014) also showed higher average seed number per pod: 20.7-30.9 depending on the variety at density 80 plants per m 2 and trial location. In our experiment the seed number per pod was significantly (p < 0.05) affected by sowing date for both varieties in 2008 and 2009, but lower seed number per pod in later sowings was not always observed. Jenkins and Leitch (1986) found that seed number per pod decreased in earlier sowing. In our experiment sowing rate affected seed number per pod for 'Californium' in both trial years, and for 'Excalibur' in 2008, but sowing rate was only an initial cause of plant density at harvest. Zhang et al. (2012) reported that seed number per pod of winter oilseed rape was significantly lower at higher plant densities.
Seed number per plant depended on pod number per plant and seed number per pod. In our trial the seed number per plant was significantly (p < 0.05) affected by sowing date and rate as an initial cause of plant density at harvest. At lower plant densities the seed number per plant increased for both varieties. The seed number per plant in 2010 differed from that in 2008 and 2009 (Table 3) due to lower density after a severe winter; in several cases only one or two plants per m 2 were recorded. At these low densities, the oilseed rape plant showed the ability to compensate yield with more pods per plant. Significant sowing rate effect on 1000-seed weight mainly was not observed in our experiment; the only exception when a significant impact on this parameter was observed was in the year 2009 for 'Excalibur'. In a previous experiment, 1000-seed weight was not affected by the seed rate treatments (Scarisbrick et al., 1982) , but in that study much higher sowing rates (up to 13.5 and 18.0 kg per ha) depending on trial year were used. Sierts et al. (1987) also reported that 1000-seed weight varied slightly depending on plant density and row spacing. The 1000-seed weight was different depending on the pod size (number of seeds per pod) and their location along the stem (Zajac et al., 2011 ). Wojtovicz et al. (1999 and Mathieu et al. (2011) also reported that seeds were heavier on the main stem if comparison with those on branches. Our experiment data showed that 1000-seed weight was significantly (p < 0.05) affected by sowing date in 2008 and 2009 for both varieties, but changes of 1000-seed weight were not very regular. In 2008, seeds were heavier when rape was sown in September for both varieties (Table 4) . In 2009, 1000-seed weight was significantly higher only when sowing was done on 1 September for 'Californium', but for 'Excalibur' 1000-seed weight was significantly lower only when rape was sown on 10 September. Luthman et al. (1987) reported that 1000-seed weight was not greatly affected by delayed sowing, but there were indications that the oilseed rape on the earliest sown plots had the heaviest seeds. Comparatively similar was 1000-seed weight in variants sown at different sowing times in 2010 in our trial. It was observed that 1000-seed weight was different among the trial years. Waymann et al. (2015) explained similar observation in a wide range of environments (in total 34 environments -site × year combinations) in Germany, and showed that air temperature during seed development significantly affected 1000-seed weight.
Plant productivity (g) of winter oilseed rape depends on plant density, pod number per plant, seed number per plant and seed weight. These yield components were affected by our investigated factors. Our experiment showed that plant productivity was significantly (p < 0. (Fig. 3) . The mean plant productivity was much higher in less dense crops, particularly in 2010, reaching 122 g per plant for 'Excalibur' (Fig. 3) when 20 seeds per m 2 were sown. However, plant density at harvest was very low due to a severe winter. Thus, high plant productivity was gained mainly because of plant ability to produce more fertile branches. Winter oilseed rape plant is characterised by high ability to generate more branches in poor density crop. Both sowing date and rate (as initial cause of plant density at harvest) significantly (p < 0.05) affected the number of primary branches per plant in 2008 and 2009. Plants produced the greatest number of primary branches when sown on 1 August in all trial years. In all trial years, plants produced more branches when sown on earlier sowing dates and with a lower sowing rate. In previous studies, a later-sown crop was less advanced than earlier-sown ones (Luthman et. al., 1987) and primary branch numbers were significantly decreased with increased plant density (Zhang et al., 2012) .
It is important to determine the relationships between yield and different yield components. The results clearly indicated an oilseed rape yield compensation mechanism in our conditions. Decades ago, Thurling (1974) reported a significant positive correlation between number of pods per plant and seed yield, number of pod-bearing branches per plant and seed yield, and the number of pods per branch and seed yield. A tight positive correlation between number of branches per plant and number of pods per plant was also found. In addition, correlation between the number of seeds per pod and seed yield were positive, as observed previously by Basama (2008) . Sierts et al. (1987) reported that the yield compensation performed better in a narrow row spacing than in a wider row spacing. Our experiment clearly showed that lower plant densities resulted in increased values of other yield components (Fig. 5) , this regularity was valid when calculated from two year data (2008 and 2009) as well as if data of untypical year 2010 were added. Investigation of the oilseed rape yield compensation mechanism is very important in different aspects, for example, regarding insect pests and their damage. Williams (1979) reported oilseed rape yield compensation resulting in no yield loss at maximum seed weevil (Ceutorhynchus assimilis) infestation of 25% of pods, from removal of 60% of pods or from removal of up to half of its flowers. Nutrition aspects of oilseed rape are also important, as the amount of available assimilates are a primary determinant of pod and seed production during the period of flowering and pod setting . Climate change can also affect oilseed rape growing. Temperature stress can affect oilseed rape growth and formation of yield components. High temperature stress can injure plant reproductive organs. A temperature of 35°C for seven days caused heat stress, which resulted in a yield decrease to 52% (Angadi et al., 2000) ; however, the highest temperature observed in our trial years was a three day period in 2010 above 30°C in July. Waymann et al. (2015) reported that during seed development only temperature has a significant effect on yield.
The investigated winter oilseed rape yield components (the pod number, seed number per plant, plant productivity (g), 1000-seed weight, as well as the number of primary branches per plant) were affected by sowing date and sowing rate (as initial cause of plant density at harvest) for both varieties: open pollinated 'Californium' and hybrid 'Excalibur'. Sowing rate affected seed number per pod for 'Californium' (line) in both trial years, but for 'Excalibur' (hybrid) only in the year 2008. Individual plants were more productive at lower plant densities. The seed number per plant was significantly (p < 0.05) affected by sowing date and rate. In general, a significant impact of sowing rate on 1000-seed weight was not observed (p > 0.05). Plant density was the main factor affecting other specific yield components. A yield compensation mechanism was demonstrated by significant (p < 0.05) correlations between the plant density during harvest and other yield components.
Seed yield is a function of the number of plants per unit area, pod number per plant, seed number per pod and seed weight. While yield compensation was observed, plant density was still the main yield component that affected yield for both varieties, shown by significant positive correlations between plant density during harvest and seed yield. McGregor (1987) found that seed yield was not directly proportional to plant density over the range of densities, which agrees with our trial. Still the minimum plant density for good yields in our conditions is under question. In several studies eight plants per unit indicated that there was no appreciable plant compensation limiting individual plant growth at these densities; therefore, there is no potential for compensation (Mendham et al., 1981; McGregor 1987) . Results from the present study can aid further understanding of the variation in yield components of oilseed rape in conditions of Latvia.
